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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In [1], it was agreed that UE may use per-UE gap or per-FR gap to monitor the multiple frequency layers. As we know, in new radio (NR) system, all reference signals for SSB-based RRM are confined within SMTC window duration, and the SMTC periodicity is one of the value among {5, 10, 20, 40, 80, 160} msec. Consider that the MGRP is also one of the value among {20, 40, 80, 160}msec [2], It is obvious that UE might not be able to observe all frequency layers in a single gap occasion. Therefore, the scheduling of choosing the suitable inter-frequency layer in each gap is needed, and will definitely affect the reporting delay. In the way forward agreed in RAN4 #86 [2], there are two possible options to specify the reporting delay of different inter-frequency layers with different SMTC periodicity and offset. 
1. Measurement objects with same SMTC periodicity and offset within the same FR range should share the same delay requirement.
2. Strive to address the SMTC overlapping issue should be based on SMTC periodicity and offset grouping and each group has its own scaling factor
· The definition of SMTC periodicity and offset grouping is FFS
· When all SMTC occasions are non-colliding there is no need for an additional scaling factor
3. Strive to keep UE measurement flexibility the same as LTE
4. Companies are encouraged to suggest the principle to define the requirement methodologies within the below options:
· Option 1: unified delay requirement among different carriers
· Option 2: requirements are defined per carrier 
5. Companies are encouraged to provide views on the impact of AGC issue
6. FFS the delay caused by gap sharing with intra-frequency measurement and DRX mode.










In this paper, we use an inter-frequency measurement scheduling method to evaluate the gap usage ratios of different inter-frequency measurement requirements and also provide some corresponding observations and views. 
2	Evaluation of Measurement Requirement
In this section, numeric analysis was conducted to compare the gap usage ratio of different requirement alternatives. Similar with our previous paper [3], we assume that MGRP is 40ms with gap offset 0, so there are totally 7 effective settings (means the SMTC occasions are always covered by gap) of SMTC periodicity and offset. Here, we choose different setting of MOs number Nfreq=3, Nfreq=4, and Nfreq=5 to compare the gap usage ratios, and the corresponding total case number are 73=343, 74=2401, and 75=16807, respectively.
A simple inter-frequency measurement scheduling method is applied to evaluate the gap usage ratios. A metric IMOi is used to represent the priority for inter-frequency measurement of each MO. This metric comprehensively consider several factors, such as the SMTC periodicity of this MO, the measurement requirement and how many samples we already get for this MO, etc. In some gap occasions, if only one MO exists, it means that UE have no other choice but only can measure this MO. However, in some other gap occasions, when more than one MOs exist, the MO has largest metric IMOi will be measured.
Adopt per-UE-gap in FR1 as our basic scenario, we compared 3 requirement alternatives for an inter-frequency carrier #i:
1) Alt. 1: Requirements are scaled by a unified value Nfreq

2) Alt. 2: Requirements are defined per carrier

· The value of scaling factor in each carrier 
· Where  is the number of carriers whose SMTC occasions are fully colliding with the SMTC occasions of carrier #i. 
· Where  is the number of carriers whose SMTC occasions are partially colliding with the SMTC occasions of carrier #i. 
3) Alt. 3: Unified delay requirements shared by all carriers

Without considering the further required extension for AGC gain tuning, here we use sample number M=6 to test above three alternatives of inter-frequency measurement requirement. The gap used ratio Gused is adopted to evaluate the efficiency of these three alternatives.

Note that UE will stop measuring the inter-frequency carrier if sufficient number of samples are already collected. Therefore, Gused reflects how efficient the gap occasions are utilized by UE. The statistical results are shown in Figure 1. 
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(a) Alt. 1 with 3 MOs,       (b) Alt. 2 with 3 MOs,       (c) Alt. 3 with 3 MOs 
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(d) Alt. 1 with 4 MOs,       (e) Alt. 2 with 4 MOs,       (f) Alt. 3 with 4 MOs 
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(g) Alt. 1 with 5 MOs,       (h) Alt. 2 with 5 MOs,       (i) Alt. 3 with 5 MOs 

Figure 1: The histogram of gap used ratio Gused among different cases. (a) Alt. 1 with 3 MOs, (b) Alt. 2 with 3 MOs, (c) Alt. 3 with 3 MOs, (d) Alt. 1 with 4 MOs, (e) Alt. 2 with 4 MOs, (f) Alt. 3 with 4 MOs, (g) Alt. 1 with 5 MOs, (h) Alt. 2 with 5 MOs, (i) Alt. 3 with 5 MOs.

According to the evaluation results, these three alternatives of inter-frequency measurement requirement can provide different margins for our measurement scheduling method. The simple scheduler can collect enough samples before the timing delay of these three alternatives are expired. However, the gap occasions are not fully utilized. The unused gap occasions might be caused by below reasons: 
•	Inappropriate configuration of MOs, i.e. there is no SMTC occasion existing in that gap. 
•	The requirement provides a too wide margin than the actual sample times that UE needs for collecting sufficient number of samples. For particular MO, before the corresponding time of requirement is expired, the valid gap (defined in [3]) becomes useless if UE already obtain M samples for reporting. 
•	UE side scheduling algorithm on MO selection.

Therefore, NW configuration, UE scheduling method and requirement of inter-frequency measurement would all affect the gap used ratio. Among these three alternatives, the alt. 2 is the tightest one because it precludes the carriers whose SMTC occasions are not overlapped with target carrier #i.
[bookmark: _Ref510482201]Observation 1: Among these three alternatives, the Alt. 2 is the tightest one because it precludes the carriers whose SMTC occasions are fully non-overlapped with target carrier #i. 
3	Discussion
Based on the evaluation results provided in previous section, we would like to discuss the intra-frequency measurement requirement when grouping rules and gap sharing are considered. The principles that RAN4 agreed in #86 meeting are:
7. Strive to address the SMTC overlapping issue should be based on SMTC periodicity and offset grouping and each group has its own scaling factor
(A) The definition of SMTC periodicity and offset grouping is FFS
(B) When all SMTC occasions are non-colliding there is no need for an additional scaling factor
8. Strive to keep UE measurement flexibility the same as LTE

When specify the inter frequency measurement, there are three scenarios we need to consider: 1) when SMTC occasions of other carriers are fully overlapped with that of target carrier, 2) when SMTC occasions of other carriers are partially overlapped with that of target carrier, 3) When SMTC occasions of other carriers are fully non-overlapped with that of target carrier.
For scenario 3), per carrier defined inter-frequency requirement has already captured principle 1(B), just like the description in Observation 1. For scenario 1), when SMTC occasions of other carriers are fully overlapped with that of target carrier, it is impossible to avoid scaling delay requirements for these carriers. The only scenario that has contention is scenario 2), when SMTC occasions of other carriers are partially overlapped with that of target carrier. One idea proposed to handle the partially overlapped case is grouping. 
Use a grouping rule proposed in [4] as an example. Here we discuss the problem that UE vendor might have concern. Consider the case that three MOs #A, #B and #C are configured, with SMTC periodicity and offset (40, 0), (40, 20), and (20, 0), respectively. As shown in Figure 2. The MO #A and MO #B are fully non-overlapped, so there are two groups of inter-frequency measurement requirements. The group 1 contains the MO #A and the group 2 contains the MO #B. 

UE can only measure MO #C in specific gap occasions




Figure 2: The example of SMTC periodicity and offset grouping.

If we allocate MO #C into group 1, the scaling factor of group 1 becomes 2 and the scaling factor of group 2 remains 1. This is equivalently to modify the SMTC periodicity and offset of MO #C from (20, 0) to (40, 0). As a result, UE can only measure MO #C in restricted gap occasions based on the pattern (40, 0). Even though the SMTC occasion of MO #C also comes with the pattern (40, 20), UE can never use them because the requirement for MO #B is not relaxed. In other words, all gap occasions with the pattern (40, 20) should be used by MO #B. Otherwise UE will fail the requirement for MO #B. From above example, we see that the grouping rule needs to be carefully designed because it has a big impact on measurement behavior. Moreover, it may violate the principle 2 agreed in #86 meeting.
[bookmark: _Ref510482337]Observation 2: Grouping rule is not a trivial issue because it largely impacts UE measurement behavior .

So we propose to use Alt. 2 per-carrier defined inter-frequency measurement requirement as the baseline in Rel-15.
[bookmark: _Ref510482977]Proposal 1: Use option 2 agreed in RAN4 #86 meeting as basic inter-frequency measurement requirement in Rel-15. Further grouping rules for partially overlapped carriers can be left for further study. 

With per carrier defined inter-frequency measurement requirement, assume that the gap sharing factor of particular UE activity is KActivity, (e.g., inter-frequency measurement or intra-frequency measurement with gap), the requirement for carrier #i becomes 

And we propose 
[bookmark: _Ref510484074]Proposal 2: The gap sharing factor is applied to all measurement gap occasions, and the corresponding requirements become
          
· The value of scaling factor in each carrier 
· Where  is the number of carriers whose SMTC occasions are fully colliding with the SMTC occasions of carrier #i. 
· Where  is the number of carriers whose SMTC occasions are partially colliding with the SMTC occasions of carrier #i. 
· [bookmark: _GoBack] is a the gap sharing factor.  
4	Summary 
In this contribution, we observe that
Observation 1: Among these three alternatives, the Alt. 2 is the tightest one because it precludes the carriers whose SMTC occasions are fully non-overlapped with target carrier #i. 
Observation 2: Grouping rule is not a trivial issue because it largely impacts UE measurement behavior .
And we propose
Proposal 1: Use option 2 agreed in RAN4 #86 meeting as basic inter-frequency measurement requirement in Rel-15. Further grouping rules for partially overlapped carriers can be left for further study.
Proposal 2: The gap sharing factor is applied to all measurement gap occasions, and the corresponding requirements become
           
· The value of scaling factor in each carrier 
· Where  is the number of carriers whose SMTC occasions are fully colliding with the SMTC occasions of carrier #i. 
· Where  is the number of carriers whose SMTC occasions are partially colliding with the SMTC occasions of carrier #i. 
·  is a the gap sharing factor.
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